Introduction {#S0001}
============

Rheumatoid arthritis (RA) is a chronic autoimmune disease characterized by systemic inflammation with a prevalence of 0.5--1% in the adult population.[@CIT0001] RA patients have an increased mortality compared to the general population, regardless of gender, in every age group except for \>85 years,[@CIT0002] and cardiovascular (CV) disease is the main reason for this increased mortality in RA patients.[@CIT0003]--[@CIT0005] An increased prevalence of traditional CV risk factors is found in RA patients,[@CIT0006]--[@CIT0008] but the increased risk of CV disease does not seem to be completely explained by traditional CV risk factors.[@CIT0003] The evidence for systemic inflammation as an atherogenic factor contributing to accelerated development of CAD is increasing,[@CIT0009]--[@CIT0011] and in RA patients residual inflammation has been proposed as an independent risk factor for CV disease.[@CIT0012]

Coronary computed tomography angiography (CTA) is an accurate and well-established method as the primary investigation of suspected CAD.[@CIT0013] CTA consists of a non-enhanced and a contrast-enhanced CT scan. The non-contrast procedure provides a coronary artery calcium score (CACS), which is a strong predictor of CV events,[@CIT0014],[@CIT0015] and the contrast-enhanced procedure provides detailed information in the presence of coronary artery stenoses.[@CIT0016],[@CIT0017] A previous CTA study demonstrated that residual disease activity was associated with higher prevalence and severity of coronary plaques in a cohort of RA patients without symptoms of CAD compared to healthy controls,[@CIT0018] and in follow-up data, inflammation was identified as an independent predictor of coronary atherosclerosis progression.[@CIT0019] A recent meta-analysis found an increased prevalence of asymptomatic CAD in RA patients based on CTA data.[@CIT0020] Thus, existing evidence proposes RA to be an independent risk factor for CV disease driven by increased inflammatory burden.

Previous CTA studies have examined RA patients without symptoms suggestive of CAD and, to our knowledge, no studies have investigated the occurrence and severity of CAD among RA patients with symptoms suggestive of CAD. Hence, in this cross-sectional study based on data from the Western Denmark Cardiac Computed Tomography Registry (WDHR), we aimed to examine the occurrence and severity of CAD in RA patients compared to non-RA patients referred for CTA due to suspected CAD. Furthermore, we aimed to examine CAD in RA subgroups based on serology, treatment with conventional synthetic or biological disease-modifying antirheumatic drugs (DMARDs), and the need for relapse or flare treatment with intraarticular or -muscular glucocorticoid injections (GCIs) to identify high-risk RA subgroups. In addition to the WDHR, data was retrieved from the National Patient Registry (NPR) and the Danish National Prescription Registry (DNPR).

Patients and Methods {#S0002}
====================

Data Sources, Study Design and Study Population {#S0002-S2001}
-----------------------------------------------

This was a cross-sectional study based on data from the WDHR, the NPR and the DNPR. Using the unique personal identification number assigned to all Danish citizens, data from the WDHR was linked to nationwide administrative registries regarding vital status, International Classification of Diseases (ICD) diagnosis codes and treatment codes from the NPR and prescribed medication from the DNPR.

The WDHR is a semi-national, multicenter-based registry with longitudinal registration of patient data and clinical procedures since 1999. As of December 31, 2017 the WDHR contains CTA information from almost 76,000 patients. Data was collected from all thirteen clinical WDHR centers between January 1, 2008 and December 31, 2017 within a population of approximately 3.3 million individuals (55% of the total Danish population). The WDHR is a mandatory database, which by legislation requires all physicians to report findings in all CTAs including registration of up to 40 variables for each procedure to enable evaluation of clinical performance. According to international guidelines, CTA is recommended as the primary diagnostic modality for patients having a low-to-intermediate a-priori risk of CAD.[@CIT0021] Hence, the database reflects a population of patients with de-novo chest pain symptoms with no prior CTA examinations.

The NPR includes data on all somatic hospital admissions from patients since 1977 and outpatients since 1995, including information on discharge diagnosis, hospital department, and dates of admission and discharge.[@CIT0022] Patients treated by rheumatologists in the private sector are not included in the NPR. Discharge diagnoses in the NPR are, since 1994, classified according to the World Health Organization's ICD-10.

Since 1995 the DNPR has recorded detailed individual-level information on all dispensed prescriptions in Denmark.[@CIT0023],[@CIT0024] Drugs prescribed to nursing-home resident are also included. The registry contains 46 variables that characterize each redeemed prescription. Drugs used during hospital admissions, drugs supplied directly by hospitals or treatment centers (eg chemotherapeutic agents) and over-the-counter drugs are not recorded in the DNPR.

Compliance with Ethical Standards {#S0002-S2002}
---------------------------------

This study has been approved by the Danish Data Protection Agency. By Danish law, no approval from the national committee on health research ethics was required in this register-based study. The study protocol conforms to the ethical guidelines of the 1975 Declaration of Helsinki as reflected in an a-priori approval by the institution's human research committee.

Exposure: Identification of Rheumatoid Arthritis Patients {#S0002-S2003}
---------------------------------------------------------

Within the WDHR, RA patients were identified through the NPR. ICD-8 and ICD-10 codes used for identification of RA patients are shown in [[Supplementary Table 1](https://www.dovepress.com/get_supplementary_file.php?f=251168.docx)]{.ul}. In order to validate the diagnosis of RA, we linked the codes for RA diagnoses from the NPR to relevant treatment codes (ATC codes) in the DNPR. A previous study assessed the positive predictive value of identifying RA patients to be 87.7% (95% CI; 82.5--91.5) when linking the NPR to relevant ATC codes in the DNPR.[@CIT0025] Only ATC codes for csDMARDs were used for the validation, since all patients receiving bDMARDs have already been treated with csDMARDs at some point.[@CIT0026] ATC codes for csDMARDs are shown in [[Supplementary Table 1](https://www.dovepress.com/get_supplementary_file.php?f=251168.docx)]{.ul}. Next, RA patients were subgrouped based on serology, treatment with biological DMARDs (bDMARDs) and the need for relapse or flare treatment with intraarticular or -muscular CGIs.

Rheumatoid Arthritis Serology {#S0002-S2004}
-----------------------------

Serology of RA is classified based on seropositivity of rheumatoid factor and anti-citrullinated protein antibodies. In this study, serology was classified by ICD-10 codes of seropositive RA (M05) and other RA (M06), if recorded as a primary or secondary diagnosis. Referral diagnoses were not used. Patients registered with one of the M05 diagnostic sub-codes at the first registration were defined as having "seropositive RA", and otherwise, patients were defined as having "other RA". This was done in order to avoid misclassification of seronegative patients.[@CIT0025]

Rheumatoid Arthritis, Disease-Modifying Antirheumatic Drugs {#S0002-S2005}
-----------------------------------------------------------

In accordance with international guidelines RA patients are recommended treatment with bDMARDs when: 1) present disease activity has lasted for more than three months without improvement, verified by at least two consecutive consultations or treatment goal or remission has not been reached after six months verified by frequent controls, 2) ongoing treatment with a combination of conventional synthetic DMARDs (csDMARDs) (triple treatment) and 3) temporary treatment with glucocorticoids, systemic or as intra-articular injection, has proven ineffective.[@CIT0026] Hence, we used treatment with bDMARD as a surrogate marker for disease severity. We defined two treatment levels: "csDMARD" (treatment with csDMARDs alone) and "bDMARD" (treatment with bDMARD at any time during the disease course with or without a combination with csDMARDs). Information on csDMARDs was retrieved through the DNPR using the ATC codes mentioned in [[Supplementary Table 1](https://www.dovepress.com/get_supplementary_file.php?f=251168.docx)]{.ul}. Information on bDMARDs was identified through the NPR using treatment procedure codes shown in [[Supplementary Table 1](https://www.dovepress.com/get_supplementary_file.php?f=251168.docx)]{.ul}.

Rheumatoid Arthritis Disease Activity {#S0002-S2006}
-------------------------------------

In RA, the disease fluctuates between long periods of remission and short periods with disease flares. In Denmark, RA relapses (return of disease activity) and flares (substantial increase of disease activity) are generally treated with intra-articular or intra-muscular GCIs supplementary to DMARDs and DMARD escalation.[@CIT0027] Since inflammation is involved in atherogenesis, information about RA disease activity is valuable. Therefore, we used information about GCIs in RA patients three years prior to CTA as a surrogate marker for disease activity. Treatment codes were obtained from the NPR and are shown in [[Supplementary Table 1](https://www.dovepress.com/get_supplementary_file.php?f=251168.docx)]{.ul}. We defined two disease activity groups based on the number of GCIs: "0 injections" and "≥ 1 injections". As patients often receive multiple GCIs during the first year following initial RA diagnosis, the first year after diagnosis was ignored.

Outcomes: Coronary Artery Calcium Score and Obstructive Coronary Artery Disease {#S0002-S2007}
-------------------------------------------------------------------------------

Using non-contrast CT data CACS was obtained by a semi-automated algorithm in accordance with the Agatston method.[@CIT0028] Absence of coronary artery calcium obtained by the Agatston method has a negative predictive value of 98% for luminal stenosis \> 50%, and the presence of luminal stenosis \> 50% on invasive coronary angiography is associated with a positive CACS with a sensitivity of 98%.[@CIT0029]

Primary outcomes were CACS \> 0 and CACS ≥ 400.

Based on contrast-enhanced CT data, the coronary tree was divided into the three major arteries: The right coronary artery (RCA), the left anterior descending artery (LAD) and the left circumflex artery (Cx).[@CIT0030] Possible plaques were analyzed and categorized as; no plaque (0% stenosis), mild stenosis (1--49%), moderate stenosis (50--69%) and severe stenosis (70--99%).[@CIT0030] No plaques present in the coronary tree or diffuse atherosclerosis without severe stenosis was categorized as "non-obstructive CAD". Based on the number of major vessels (RCA, LAD and Cx) affected by severe stenosis, patients were categorized as having 1-, 2- or 3-vessel disease, all defined as "obstructive CAD". Secondary outcome was obstructive CAD.

All CT data was interpreted by trained cardiologists.

Exclusion of Patients {#S0002-S2008}
---------------------

A total of 75,751 CTAs were identified in the WDHR. We considered only the first CTA for each patient with a valid personal identification number. Next, we restricted to those referred for CTA due to chest pain or shortness of breath. Subsequently, we excluded all patients younger than 18 or patients who had prior CV diseases, ie had a history of known CAD, stroke, acute myocardial infarction, percutaneous coronary intervention or coronary artery bypass grafting. From these exclusions we identified 52,972 relevant CTAs. A total of 6762 patients had missing CACS in the WDHR, and thus, 46,210 patients were included in the study. [Figure 1](#F0001){ref-type="fig"} shows a flowchart of patient inclusion.Figure 1Flowchart of the patient inclusion.**Abbreviations:** CT, computed tomography; WDHR, Western Denmark Heart Registry; CPR, personal identification number; CAD, coronary artery disease; MI, myocardial infarction; PCI, percutaneous coronary intervention; CABG, coronary artery bypass grafting; CACS, coronary artery calcium score; RA, rheumatoid arthritis.

Covariates: Comorbidity, Cardiovascular Risk Factors and Concurrent Medication {#S0002-S2009}
------------------------------------------------------------------------------

A Charlson Comorbidity Index (CCI)[@CIT0031] score was completed for each patient based on data from the NPR at any time before the date of CTA. The CCI was originally developed to predict the risk of 1-year mortality attributable to comorbidity in a longitudinal study of 604 hospitalized patients. The CCI has, however, also been useful to predict mortality in a group of patients with RA.[@CIT0032] Based on the CCI a morbidity score of 0, 1 or 2+ was identified for all patients in the study population. Diabetes is included in the CCI, but is a well-known CV risk factor. To avoid incorrect adjustment for diabetes in this study, it was removed from the CCI score and included as an independent CV risk factor.

Information on traditional CV risk factors was retrieved from the WDHR, the NPR and the DNPR. Smoking, BMI and a family history of CV disease were retrieved from the WDHR. Dyslipidemia was identified in the WDHR and by redeemed prescriptions of lipid-lowering drugs in the DNPR with the treatment code for statin (ATC: C10AA). Hypertension was identified in the WDHR and by redeemed prescriptions of antihypertensive drugs in the DNPR with the following treatment codes: Angiotensin-converting-enzyme or angiotensin II inhibitors (ATC: C09A, C09B, C09C), beta-blockers (ATC: C07A), calcium channel blockers (ATC: C08CA) and bendroflumethiazide (ATC: C03AB01). Diabetes was identified in the WDHR, by following ICD10 codes in the NPR: E10-E14, O24 and H36, and by redeemed prescriptions of antidiabetic drugs in the DNPR (ATC: A10A, A10B). For lipid-lowering treatment, antihypertensive and antidiabetic drugs only prescriptions 180 days prior to CTA was used for risk factor identification.

Referral Symptoms {#S0002-S2010}
-----------------

In international guidelines, traditional clinical classification of suspected anginal symptoms is defined as follows: "Typical angina" meets all three of the characteristics; 1) constricting discomfort in the front of the chest or in the neck, jaw, shoulder or arm; 2) precipitated by physical exertion; 3) relieved by rest or nitrates within 5 minutes.[@CIT0021] "Atypical angina" meets two of these characteristics and "non-anginal chest pain" meets only one or none of the characteristics. In order to refer a patient with symptoms suggestive of CAD to CTA, the referring physician reports the indication for the CTA and characterization of chest pain. Additionally, "shortness of breath" can indicate a CTA as a possible angina equivalent.

Statistical Methods {#S0002-S2011}
-------------------

In the main analysis, we compared RA patients to non-RA patients in the WDHR population for the two primary outcomes; CACS \> 0 and CACS ≥ 400, and the secondary outcome; obstructive CAD. Furthermore, we subgrouped RA patients by serology, DMARD treatment and disease activity as described and compared the subgroups to non-RA patients. We tabulated all relevant characteristics of the RA patients. The association between each RA exposures and outcomes was examined using logistic regression. We computed crude and adjusted odds ratios (ORs) and 95% confidence intervals (CIs), adjusted for the potential confounders: sex, age, comorbidity score (0, 1, 2+), hypertension (yes/no), dyslipidemia (yes/no), diabetes (yes/no), BMI (\<18.5, 18.5--25, 25--30, \>30) and smoking (never, former, current). All analyses were conducted using the SAS software v9.4 (SAS Institute Inc., Cary, NC, USA).

We used multiple imputation to handle missing values of the confounders; height (15% missing) and weight (14% missing) to calculate BMI, and smoking (7% missing). The missing at random assumption for this method was questioned for CACS (13% missing), thus, we restricted the analysis to the complete cases of this variable.

Results {#S0003}
=======

In total, 395 RA patients (0.9%) with registered CACS were identified. At CTA index date, RA patients tended to be older (median age 63.4 \[IQR 56.5;69.8\] vs 58.1 \[IQR 50.1;66.8\]) and to have more comorbidities (prevalence of comorbidity score 2+ was 20.8% vs 11.5%) compared to non-RA patients. A higher prevalence of the traditional CV risk factors such as dyslipidemia (42.8% vs 34.9%) and hypertension (57.5% vs 46.7%) was found in RA patients compared to non-RA patients, but similar prevalence of diabetes (9.1% vs 8.2) was found. In general, RA is more frequent in females than males, which was also found in our study population (73.2% females in the RA group vs 54.0% in the non-RA group). [Table 1](#T0001){ref-type="table"} shows RA subgroups and the distributions of demographic characteristics among included patients.Table 1Demographics, Rheumatoid Arthritis Subgroups, Comorbidities and Traditional Cardiovascular Risk Factors of the Study Population Combined with Computed Tomography Angiography Data of the Study PopulationNumber of patientsNon-RA PatientsRA Patients45,815395Serology Other RA78 (19.7%) Seropositive RA317 (80.3%)DMARD treatment csDMARD274 (69.4%) bDMARD121 (30.6%)Relapse/flare treatment 0 injections242 (61.3%) ≥ 1 injections153 (38.7%)Sex, men21,080 (46.0%)106 (26.8%)Age, median (Q1;Q3)58.1 (50.1;65.8)63.4 (56.5;69.8)BMI \<18.5486 (1.1%)7 (1.8%) 18.5--2514,609 (31.9%)141 (35.7%) 25--3016,047 (35.0%)135 (34.2%) ≥308245 (18.0%)71 (18.0%) Missing6428 (14.0%)41 (10.4%)Smoking Current9631 (21.0%)59 (14.9%) Never17,703 (38.6%)125 (31.6%) Former15,093 (32.9%)177 (44.8%) Missing3388 (7.4%)34 (8.6%)Comorbidity No comorbidity (0)33,688 (73.5%)221 (55.9%) Moderate comorbidity (1)6858 (15.0%)92 (23.3%) Severe comorbidity (2+)5269 (11.5%)82 (20.8%)Hypertension21,381 (46.7%)227 (57.5%)Dyslipidemia16,006 (34.9%)169 (42.8%)Familiar history of CVD18,397 (40.2%)162 (41.0%)Diabetes3767 (8.2%)36 (9.1%)CACS \>022,915 (50.0%)236 (59.7%)CACS ≥4004741 (10.3%)59 (14.9%)CACS 022,900 (50.0%)159 (40.3%) 1--9912,147 (26.5%)116 (29.4%) 100--3996027 (13.2%)61 (15.4%) ≥4004741 (10.3%)59 (14.9%)CAD Non-obstructive CAD35,054 (76.5%)283 (71.6%) Obstructive CAD7515 (16.4%)70 (17.7%) Missing3246 (7.1%)42 (10.6%)CAD No CAD20,298 (44.3%)143 (36.2%) Non-obstructive CAD14,756 (32.2%)140 (35.4%) 1 VD5331 (11.6%)44 (11.1%) 2 VD1591 (3.5%)18 (4.6%) 3 VD593 (1.3%)8 (2.0%) Terminated after CACS3128 (6.8%)41 (10.4%) Missing118 (0.3%)1 (0.3%)Referral symptoms Typical angina4850 (10.6%)47 (11.9%) Atypical angina19,405 (42.4%)168 (42.5%) Non-anginal chest pain12,172 (26.6%)101 (25.6%) Shortness of breath3036 (6.6%)33 (8.4%) Missing6352 (13.9%)46 (11.6%)[^1]

Coronary Artery Calcium Score and Obstructive Coronary Artery Disease in Rheumatoid Arthritis {#S0003-S2001}
---------------------------------------------------------------------------------------------

[Table 1](#T0001){ref-type="table"} also contains descriptive CTA data in RA patients and non-RA patients. The primary outcome, CACS \> 0, was found in 59.7% of the RA patients compared to 50.0% of the non-RA patients, corresponding to a crude OR of 1.48 (95% CI; 1.21--1.82) and an adjusted OR of 1.08 (95% CI; 0.86--1.36). CACS ≥ 400 was found in 14.9% of the RA patients compared to 10.3% of the non-RA, corresponding to a crude OR of 1.52 (95% CI; 1.15--2.01) and an adjusted OR of 1.21 (95% CI; 0.89--1.65). The secondary outcome, obstructive CAD, was found in 17.7% of the RA patients and 16.4% of the non-RA patients, corresponding to a crude OR of 1.15 (95% CI; 0.89--1.50) and an adjusted OR of 1.05 (95% CI; 0.80--1.37). The results are shown in[Table 2](#T0002){ref-type="table"}.Table 2Main Analysis of Rheumatoid Arthritis Patients versus Non-Rheumatoid Arthritis Patients for the Primary Outcomes; CACS \> 0 and CACS ≥ 400, and Secondary Outcome; Obstructive CAD. All Results Adjusted for Sex, Age, Smoking, BMI, Family History of Cardiovascular Disease, Dyslipidemia, Hypertension, Diabetes and Comorbidity Score**Primary outcome: CACS\> 0**Patients TotalCACS \>0Crude ORAdjusted ORNon-RA45,81522,915Ref.Ref.RA3952361.48 (1.21--1.82)1.08 (0.86--1.36)Primary outcome: CACS ≥400**Patients TotalCACS ≥400Crude ORAdjusted OR**Non-RA45,8154741Ref.Ref.RA395591.52 (1.15--2.01)1.21 (0.89--1.65)Secondary outcome: Obstructive CAD**Patients TotalObstructive CADCrude ORAdjusted OR**Non-RA42,5697515Ref.Ref.RA353701.15 (0.89--1.50)1.05 (0.80--1.37)[^2]

Rheumatoid Arthritis Subgroups {#S0003-S2002}
------------------------------

[Table 3](#T0003){ref-type="table"} presents crude and adjusted results for CACS \> 0, CACS ≥ 400 and obstructive CAD in RA patients subgrouped based on serology, DMARD treatment and treatment of relapse or flare as previously described. In the subgroup analysis, non-RA patients were used as reference group.Table 3Secondary Analyses of Rheumatoid Arthritis Subgroups versus Non-Rheumatoid Arthritis Patients for the Primary Outcomes; CACS \> 0 and CACS ≥ 400, and Secondary Outcome; Obstructive CAD. All Results Adjusted for Sex, Age, Smoking, BMI, Family History of Cardiovascular Disease, Dyslipidemia, Hypertension, Diabetes and Comorbidity Score**Primary outcome: CACS\> 0**Patients TotalCACS \>0Crude ORAdjusted ORNon-RA45,81522,915Ref.Ref.**Serology**Other RA78431.23 (0.79--1.92)0.83 (0.50--1.37)Seropositive RA3171931.56 (1.24--1.95)1.16 (0.89--1.50)**DMARD treatment**csDMARD2741681.58 (1.24--2.02)1.10 (0.83--1.45)bDMARD121681.28 (0.89--1.84)1.05 (0.70--1.59)**Relapse/flare treatment**0 injections2421361.28 (0.99--1.65)0.93 (0.70--1.25)≥1 injections1531001.89 (1.35--2.63)1.37 (0.94--2.00)Primary outcome: CACS ≥ 400**Patients TotalCACS ≥400Crude ORAdjusted OR**Non-RA45,8154741Ref.Ref.**Serology**Other RA7880.99 (0.48--2.06)0.69 (0.31--1.52)Seropositive RA317511.66 (1.23--2.24)1.37 (0.98--1.90)**DMARD treatment**csDMARD274441.66 (1.20--2.29)1.28 (0.90--1.83)bDMARD121151.23 (0.71--2.11)1.04 (0.57--1.89)**Relapse/flare treatment**0 injections242331.37 (0.95--1.98)1.06 (0.71--1.59)≥ 1 injections153261.77 (1.16--2.71)1.46 (0.92--2.31)Secondary outcome: Obstructive CAD**Patients TotalObstructive CADCrude ORAdjusted OR**Non-RA42,5697515Ref.Ref.**Serology**Other RA75151.17 (0.66--2.05)1.01 (0.56--1.81)Seropositive RA278551.15 (0.86--1.55)1.06 (0.78--1.43)**DMARD treatment**csDMARD244561.39 (1.03--1.88)1.24 (0.91--1.69)bDMARD109140.69 (0.39--1.21)0.64 (0.36--1.14)**Relapse/flare treatment**0 injections217421.12 (0.80--1.57)1.01 (0.71--1.43)≥1 injections136281.21 (0.80--1.83)1.11 (0.72--1.70)[^3]

A tendency of increased odds was found in seropositive RA patients, most pronounced was; crude OR of 1.56 (95% CI; 1.24--1.95) and adjusted OR of 1.16 (0.89--1.50) for CACS \> 0, and crude OR of 1.66 (95% CI; 1.23--2.24) and adjusted OR of 1.37 (0.98--1.90) for CACS ≥ 400.

Similarly, a tendency of increased odds was found in patients with ≥ 1 CGIs, most pronounced was; crude OR of 1.89 (95% CI; 1.35--2.63) and adjusted OR of 1.37 (95% CI; 0.94--2.00), and crude OR of 1.77 (95% CI; 1.16--2.71) and adjusted OR of 1.46 (95% CI; 0.92--2.31), for CACS\>0 and CACS ≥ 400, respectively.

For patients only treated with csDMARDs, a tendency of increased odds was found for CACS ≥ 400; crude OR of 1.66 (95% CI; 1.20--2.29) and adjusted OR of 1.28 (95% CI; 0.90--1.83), and for obstructive CAD; crude OR of 1.39 (95% CI; 1.03--1.88) and adjusted OR of 1.24 (95% CI; 0.91--1.69). The bDMARD group did not show the same tendencies.

Discussion {#S0004}
==========

In this large-scale, population-based cohort study we found a higher prevalence of coronary artery calcification in RA patients compared to non-RA patients, referred to CTA due to symptoms suggestive of CAD. After adjusting for age, sex, traditional CV risk factors and comorbidities the association was less pronounced and not statistically significant. The strongest associations with increased coronary artery calcification were seen in seropositive RA patients and in RA patients requiring CGI treatment, Also, in RA patients on csDMARD treatment, a tendency of increased odds for CACS \> 400 and obstructive CAD was found.

An increased risk of CV morbidity and mortality in RA patients is established,[@CIT0003]--[@CIT0005] and is mainly explained by an increased prevalence of CV risk factors.[@CIT0006]--[@CIT0008] Previous CTA studies have shown a higher prevalence and burden of asymptomatic CAD in RA patients.[@CIT0018],[@CIT0020] The setup of this study is clinically relevant since it covers a population of patients referred to diagnostic testing due to chest pain. The study shows that RA patients are approximately 5 years older at CTA referral and have more dyslipidemia and hypertension, which possibly derives from the age difference. Non-contrast CT data shows a higher prevalence of both CACS \> 0 and CACS ≥ 400 in RA patients -- a clinically relevant finding even though adjusting for sex, age, comorbidities and CV risk factors even out the difference. Interestingly, the increased coronary artery calcification does not seem to be reflected in a higher prevalence of obstructive CAD in RA patients.

Despite the delayed referral and increased coronary calcification, we found no difference in typical angina as referral symptom in RA patients. Rollefstad et al have reported a weak association of chest pain and CAD in RA.[@CIT0033] Our findings emphasize that management of traditional risk factors and careful examination of RA patients is imperative including timely referral for diagnostic testing when CAD is suspected.

The subgroup analysis showed a trend of increased odds for both CACS \> 0 and ≥ 400 in seropositive RA patients compared to non-RA patients. This trend was not found in "other RA" patients. These results might support previous studies suggesting that seropositive RA causes an increased inflammatory drive and consequently an accelerated atherosclerotic process.[@CIT0034],[@CIT0035] Furthermore, it supports the widely recognized opinion that seropositive and seronegative RA are two different, heterogeneous diseases driven by different mechanisms.[@CIT0036]

RA is a fluctuating disease with an unpredictable course characterized by long periods of remission and short periods with disease flares. In this study, we used relapse or flare treatment with CGIs as a surrogate marker for disease activity. Our results showed a tendency of increased odds of CACS \> 0 and ≥ 400 in patients who had received ≥ 1 GCI three years prior to the CTA, and this tendency was not found for RA patients without GCI treatment prior to the CTA.

A recent study by Karpouzas et al identified inflammation measured by time-averaged CRP and cumulative prednisone dose to be independent predictors of coronary atherosclerosis progression in RA patients without symptoms suggestive of CAD.[@CIT0019] Our results might support these findings suggesting more advanced CAD in subgroups of RA patients with seropositivity and higher disease activity.

Another recent CTA study by Karpouzas et al, in the same population, proposes bDMARD use to slow the coronary atherosclerosis in RA patients.[@CIT0037] In the present study, we found a tendency of increased odds for CACS ≥ 400 and obstructive CAD in RA patients on csDMARD treatment, which was not seen in patients on bDMARD treatment. However, due to few patients, the estimates for bDMARDs presented with 95% CIs ranging from a small negative to a strong positive association.

Strengths and Limitations {#S0004-S2001}
-------------------------

To our knowledge, this is the first large-scale, population-based CTA study to investigate CAD in RA patients with symptoms suggestive of CAD. The quantity of clinical information from the WDHR enabled adjustment for potential confounders such as smoking and BMI, which are normally not available in data from administrative databases. Linkage of the WDHR data to the NPR and the DNPR data allowed optimal adjustment for traditional CV risk factors, which has been a challenge in previous registry-based studies. The study cohort consist of a population of patients with de-novo chest pain with no prior CTA examinations and crude results represents the prevalence of coronary artery calcification in this population. This knowledge is highly relevant to guide physicians in a clinical setting of angina evaluation.

The validity of the RA diagnosis was doubly verified through the NPR and the DNPR; a approach of identifying RA patients previously validated with a high positive predictive value.[@CIT0025] Stratification of RA patients into "DMARD treatment" and "relapse/flare treatment" subgroups to assess disease severity and activity contributed to utilizing the potential of the data from the WDHR. This approach has, to our knowledge, not previously been performed in cross-sectional cohort studies of RA patients using administrative registries.

To identify RA diagnosis we linked the RA diagnosis codes from the NPR to relevant treatment codes (ATC codes) in the DNPR. A possible selection bias is introduced since some RA patients attend private rheumatologists and are therefore not registered in the NPR. In Denmark, however, this is only a small population since the rheumatologic expertise is mainly centered in the hospitals, and thus, the majority of RA patients are referred to the hospitals. Consequently, we expect any potential selection bias to have little impact on our study estimates their generalizability.

A possible limitation of the study is the referral of high-risk patients to invasive coronary angiography rather than CTA. Clinicians could be more inclined to refer patients with an additional risk factor, being RA, to invasive coronary angiography instead of CTA. Consequently, this could have resulted in a selection bias and an underestimation of coronary calcification in RA patients.

We had no access to a continuous measure of disease activity in RA patients such as DAS28-CRP. Instead we used GCIs prior to CTA as a surrogate marker for disease activity. Thus, RA patients who presented with high disease activity, but were not offered GCI treatment could have been wrongly classified. This bias would have made us underestimate the influence of RA disease activity on the risk of coronary calcification. Since we found a tendency of increased coronary calcification in the RA subgroup receiving ≥ 1 GCI three years prior to CTA, we do not consider this bias substantial in our study. Evans et al have shown an association of higher prednisone dose to a greater incidence of CV events in RA,[@CIT0038] and Karpouzas et al found cumulative prednisone dose to be an independent predictor of coronary atherosclerosis progression in RA.[@CIT0019] Both studies were conducted in the United States, where RA treatment with orally administered glucocorticoids is common. None of the studies reported glucocorticoid administration route. In Denmark, RA relapses and flares are generally treated with intra-articular or intra-muscular GCIs, and treatments with oral glucocorticoids are less frequent and transitory. We do not consider a possible atherogenic adverse effect of oral glucocorticoid treatment to be a bias in our study.

Non-steroidal anti-inflammatory drugs (NSAIDs) have been associated with an increased risk of CAD.[@CIT0039] In Denmark, many NSAIDs are over-the counter drugs, and therefore, we had no access to this information through the registers. Consequently, we were unable to control for this confounder.

In our main analysis, 13% of the patients, both non-RA and RA, had missing CACS and were consequently removed, as we did not believe we could model the missing information in a satisfactory way. In contrast, we used multiple imputation to assess the missing comorbidity data of smoking and BMI. In a sensitivity analysis, where CACS was included in the imputation model, no considerable changes where found.

After confounder adjustment, most results ranged from small negative to relative strong positive associations. Furthermore, the RA subgroups had in some cases quite few outcomes. Thus, a larger dataset is essential to strengthen the observed tendencies. This will be possible in future analyses within the WDHR.

Conclusion {#S0005}
==========

In a population of patients with suspected CAD, RA patients have a higher prevalence of coronary artery calcification compared to non-RA patients. At referral for CTA, RA patients were older and had more dyslipidemia and hypertension. After adjusting for age, sex, traditional CV risk factors and comorbidities, a trend towards increased odds for coronary artery calcification was still demonstrated in seropositive RA patients and RA patients with the need of relapse or flare treatment. A tendency of increased odds for obstructive CAD was found in RA patients on csDMARD treatment, but not in RA patients on bDMARD treatment. Further research in a larger study population is, however, needed in order to examine this association more closely.

The abstract of this paper was presented at the ESC Congress 2018, the 2018 ACR/ARHP Annual Meeting and EULAR 2019 as a poster presentation with interim findings.
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[^1]: **Abbreviations:** RA, rheumatoid arthritis; csDMARD, conventional synthetic disease-modifying antirheumatic drugs; bDMARD, biological disease-modifying antirheumatic drugs; BMI, body mass index; CVD, cardiovascular disease; CACS, coronary artery calcium score; CAD, coronary artery disease; VD, vessel disease.

[^2]: **Abbreviations:** RA, rheumatoid arthritis; CACS, coronary artery calcium score; CAD, coronary artery disease; OR, odds ratio.

[^3]: **Abbreviations:** RA, rheumatoid arthritis; CACS, coronary artery calcium score; csDMARD, conventional synthetic disease-modifying antirheumatic drugs; bDMARD, biological disease-modifying antirheumatic drugs; OR, odds ratio; CAD, coronary artery disease.
